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Cerebral blood flow and metabolism in children
with severe head injuries. Part 2: cerebrovascular
resistance and its determinants

P M Sharples, D S F Matthews, J A Eyre

Abstract
It has been proposed that in children with
severe head injuries the cerebral circula-
tion does not respond appropriately to
normal physiological control mecha-
nisms, making children more susceptible
than adults to low cerebrovascular resis-
tance, increased cerebral blood flow
(cerebral hyperaemia), and raised
intracranial pressure. To investigate this
issue, 122 serial measurements of cere-
brovascular resistance in 17 children with
severe head injuries have been performed
and related to cerebral perfusion pres-
sure, arterial CO2 (Paco,), arterial oxy-
gen content (Ao,), and the cerebral
metabolic rate of oxygen (CMRo,).

Cerebrovascular resistance values
(mean (SD) 1-54 (0.61) mm Hg.ml-'.100
g.min) were normal or raised in most
cases; 71 values (58%) were within the
normal range, 39 (32%) above the upper
limit, and only 12 (10%) below the lower
limit. There was a significant correlation
between cerebral perfusion pressure and
cerebrovascular resistance (r = 0-32, p =
0.0003), suggesting preservation of pres-
sure autoregulation. This correlation was
absent in four of the five children who
died or survived with severe handicap.
Analysis by multilevel modelling indi-
cated that, as in normal subjects, CMRo,,
CPP, Ao2, Paco2, and cerebrovenous pH
were important independent determi-
nants of cerebrovascular resistance.
The results indicate that normal cere-

brovascular reactivity is often preserved
in children with severe head injuries but
may be impaired in the most severely
injured patients.

(J Neurol Neurosurg Psychiatry 1995;58:153-159)
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An understanding of the processes responsible
for the regulation of cerebral blood flow and
cerebral blood volume in children with severe
head injuries is essential to rational manage-
ment.' In a normal subject, the cerebral vas-
cular bed adjusts (autoregulates) cerebral
blood flow by altering cerebrovascular resis-
tance to maintain a sufficient supply of oxygen
and glucose to meet the brain's metabolic
needs, despite changes in perfusion pressure.

Data obtained in adult patients indicate
that cerebral autoregulatory mechanisms are
often disturbed after head injury,2A but there
is little published infornation available about

children. Indeed, only one previous paper
describes the measurement of cerebrovascular
resistance in children with severe head
injuries.' Despite this lack of detailed informa-
tion it has been proposed, on the basis of
studies of cerebral blood flow in small num-
bers of head injured children, that hyperaemia
and vasodilation represent "a ubiquitous
response of the paediatric brain to trauma".6
The aims of this study were firstly, to

explore whether cerebrovascular resistance is
responsive to normal physiological mecha-
nisms in children with severe head injuries
and secondly, to determine if the overall level
of cerebrovascular resistance is abnormally
low in these patients.

Patients and methods
PATIENTS
Ethical approval for the project had been
granted by the local ethics committee, and
informed written consent was obtained from a
parent or guardian. The study patients were
the 17 children, of the 21 described in our
previous paper, in whom measurements of
cerebral blood flow and metabolism were per-
formed in conjunction with intracranial pres-
sure monitoring.

Table 1 gives details of the children. The
mean age was 7 (range 2-16) years. Ten
(67%) were boys. The median Glasgow coma
score8 was 6 (range 3-8). Neurological out-
come in all the children was scored between
12-36 months after injury, by an adaptation
of the scales employed by Berger et al in their
study of children with head injuries9 and
Tasker et al in their study of paediatric non-
traumatic coma.10 For the purposes of analy-
sis, the children were divided into two
groups-namely, those in whom outcome was
good or moderate and those who died or sur-
vived with severe disabilities.7

METHODS
Measurement of cerebral bloodflow and
metabolism
The methods are described in detail in the
accompanying paper.7 Serial measurements
were made of cerebral blood flow and cerebral
metabolic rate for oxygen (CMRo,) as previ-
ously described." 12 At the time that each
measurement was performed, arterial blood
(0 5 ml) was withdrawn for blood gas analysis
and measurement of arterial oxygen content
(Ao2) and cerebrovenous lactate concentra-
tion.'3 The coefficient of variation of repeated
measurements of whole blood lactate was
11%.
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Table 1 Clinical details of the 17 comatose children

Symbol
Case Age (y) Sex (as used in figs) GCS Mean CVR CT appearance Outcome

1 9 M v 6 1 61 Diffuse swelling Good
2 16 F 8 1-81 Diffuse swelling Good
3 16 F 0 7 1-61 Diffuse swelling Good
4 2 M * 8 1-24 Focal contusion Good
5 3 M A 6 1-37 Focal contusion Good
6 12 M V 4 2-09 Diffuse swelling Moderate
7 8 F A 6 0 97 Diffuse swelling Moderate
8 2 M a 8 1-04 Frontal contusions Moderate
9 2 M 8 2-22 EDH Moderate

10 3 M 0 6 1-52 DAI Moderate
11 5 F 0 4 2-56 Diffuse swelling/SDH Moderate
12 6 M O 8 1-25 DAI Moderate
13 7 M 6 2-96 Normal Moderate
14 4 M 3 1-38 DAI Died
15 7 M * 8 1-84 Focal contusion Died
16 8 M 4 1-58 Diffuse swelling Poor
17 9 F 0 6 1-58 Diffuse swelling/DAI Poor

GCS = Glasgow coma score on admission; CVR = cerebrovascular resistance; CT = computed tomography; EDH = extradural
haematoma; DAI = diffuse axonal injury; SDH = subdural haematoma.

Measurement of cerebral perfusion pressure and
cerebrovascular resistance
Intracranial pressure was measured in all the
patients; in four, via a fluid filled ventricular

Figure 1 Cerebrovascular
resistance (CVR) v age
(A), Glasgow coma score
(B), and time after injury
(C). In (A) and (B) the
filled circles represent the
mean CVR obtained in an
individual patient and in
(A) the vertical lines
represent the range of
results obtainedfrom each
patient. In (C) each line
represents the serial
measurements ofCVR
obtainedfrom each patient.
The shaded area in each
graph represents the limits
of the normal range (±2
SDfrom the mean)
published by Scheinberg
and Stead. I5
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catheter connected to an externally mounted
pressure transducer (Viggo-Spectramed,
Swindon, UK) and in 13, by a subarachnoid
catheter with a Camino transducer on its tip.14
Systemic arterial pressure was measured via
an indwelling catheter sited in a peripheral
artery and an externally mounted pressure
transducer.

Cerebral perfusion pressure (CPP) was
calculated from the equation:

CPP = MAP - ICP

where MAP is the mean arterial blood
pressure and ICP is the mean intracranial
pressure.

Cerebrovascular resistance (CVR) was
calculated from the equation:

CVR = CPP/CBF

Results
One hundred and twenty two measurements
of cerebrovascular resistance were performed.
The mean time between injury and the first
measurement was 18-9 (range 7-3-50) hours.
The mean duration of each study was 74-2
(range 4-194) hours, and the mean number
of measurements performed in each subject
was 7 (range 1-18).

--I CEREBROVASCULAR RESISTANCE
8 9 1 Figure 1A shows the mean value and range of

cerebrovascular resistance for each subject.
Values for cerebrovascular resistance varied
considerably both between and within
patients. There was no correlation between
mean cerebrovascular resistance and age (n =
17, r = 0-15, p = 0-58; fig 1A), the patient's
Glasgow coma score on admission (n = 17,
r -0-21, p = 0-42; fig IB), or time after

,.; .. i.i...i.i..i..i..i.....

CH.ii. -............injury (fig 1 C) (paired t test on results
obtained on the first and third days after

...... injury, p = 0-28; n = 13).
There are no published data for cerebrovas-

cular resistance in normal children, so the
, range obtained by Scheinberg and Stead in

120 14 normal adults'5 has been used for comparison;
these results were obtained in unanaesthetised
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Figure 2 (A) Relation
between cerebrovascular
resistance (CVR) and
cranial perfusion pressure
(CPP) for all 122 results
obtainedfrom the 17
patients. Each patient is
identified by a different
symbol. (B) relation
between CVR and CPPfor
results obtainedfrom the
13 children with a good or
moderate outcome; (C)
relation between these
variables for the four
children who died or
survived with considerable
handicap.
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subjects and are similar to the values obtained
by other workers.'6 The cerebrovascular resis-
tance for our patients (mean 1-54 mm Hg.
ml- .100 g.min (SD 0-61)) was higher than
that reported in normal subjects by
Scheinberg and Stead (mean cerebrovascular
resistance 1-31 mm Hg.ml-'.100 g.min (SD
0-24)).'5 Seventy one (58%) of the 122
cerebrovascular resistance values fell within
the normal range, 39 (32%) were above the
normal range, and only 12 (10%) were below
the normal range.

DETERMINANTS OF CEREBROVASCULAR
RESISTANCE
Pressure autoregulation
Figure 2A illustrates the relation between
cerebral perfusion pressure and cerebrovascu-
lar resistance. Overall, there was a significant
correlation between cerebral perfusion pres-
sure and cerebrovascular resistance (number
of patients = 17, number of observations =

122, r=0-32, p =0-0003). When the chil-
dren were subdivided into those with good or
moderate outcomes and those with poor out-
comes, the significant relation between cere-
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Figure 3 (A) Relation between cerebrovascular resistance
(CVR) and cranial perfusion pressure (CPP) for results
associated with high and low CMRo2 results; (B), high
and low Ao2 results; (C) high and low Paco2 results. In
(A) results associated with CMRo2 values 1 SD deviation
above the group mean (high CMRo2, number of
observations = 20, number ofpatients = 9) are represented
by open symbols and results associated with CMRo2 values
1 SD below the group mean (low CMRo2, number of
observations = 19, numberofpatients = 7) byfilled
symbols. There is a significant difference between
cardiovascular resistance (CVR) results associated with
high CMRo2 values and those associated with low CMRo2
values (Student's t test, p = 0-0001). In (B) results
associated with Ao2 values 1 SD above the group mean
(high Ao2, number of observations = 20, number of
patients = 7) are represented byfilled symbols and results
associated with Ao2 values 1 SD below the group mean
(low Ao2, number of observations = 22, number of
patients = 8) by open symbols. There is no significant
difference between CVR results associated with high Ao2
values and those associated with low Ao2 values
(Student's t test, p = 0-35). In (C) results associated with
Paco2 values 1 SD above the group mean (high Paco2,
number ofobservations = 21, number ofpatients = 11)
are represented byfilled symbols and Paco2 results 1 SD
below the group mean (Zow Paco2, number ofobservations
= 20, number ofpatients = 5) by open symbols. There is
no significant difference between CVR results associated
with high Paco2 values and those associated with low
Paco2 values (Student's t test, p = 0-92).

bral perfusion pressure and cerebrovascular
resistance was maintained in those with good
or moderate outcomes (number of patients =
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13, number of observations = 89, r = 0-38, p
= 0-0002; fig 2B), but there was no overall
correlation between cerebral perfusion pres-
sure and cerebrovascular resistance for those
who died or had a poor neurological outcome
(number of patients = 4, number of observa-
tions = 33, r = 0-22, p = 0.22).

Chemical autoregulation
For all patients, there was wide variability in
the cerebrovascular resistance results obtained
at any level of cerebral perfusion pressure (fig
2A). To investigate whether this variability
was related to other factors which would also
normally determine cerebrovascular resis-
tance-namely, CMRo2, Paco2, and Ao021620
-the correlation was repeated, but this time
with only results that were either 1 SD below,
or 1 SD above, the mean value for the group as
a whole for each of these variables.

Figure 3A compares the relation between
cerebrovascular resistance and cerebral perfu-
sion pressure for results that were associated
with CMRo2 values greater than 1 SD above
the group mean (CMRo2 > 1-31 ,umol.
g '.min 1) and those more than 1 SD below
the mean (CMRo2 < 0-35 ,umol. g-'.min-').
For those measurements when CMRo0 was 1
SD above the mean, the cerebrovascular resis-
tance (number of observations = 20, number
of patients = 9, mean cerebrovascular resis-
tance 1-07 mm Hg.ml -.100g.min (SD 0 56)
was significantly lower than for those mea-
surements associated with a CMRo2 1 SD
below the mean (number of observations =
19, number of patients = 7, mean cerebrovas-
cular resistance 1-85 mm Hg.ml--- .100g.min
(SD 0 56) (Student's t test, p = 0-0001).

Variations in Ao2 and Paco2 altered the
nature of the relation between cerebral perfu-
sion pressure and cerebrovascular resistance
to a much lesser extent than variations in
CMRo2-

Figure 3B compares the relation between
cerebral perfusion pressure and cerebrovascu-
lar resistance for those results associated with
Ao, content more than 1 SD above the group
mean (Ao2> 7-5 ,umol.ml 1) and those more
than 1 SD below the mean (Ao, < 5-4 ymol.
ml-'). For those measurements in which the
Ao0 was greater than 1 SD above the mean,
cerebrovascular resistance was higher (num-
ber of observations = 20; number of patients
= 7; mean cerebrovascular resistance 1-36
mm Hg.ml-'.100 g.min (SD 0-61)) than for
those associated with Ao, more than 1 SD
below the mean (number of observations =
22, number of patients = 8, mean cerebrovas-
cular resistance 1-19 mm Hg.ml- .100 g.min
(SD 0-6 1)), but the difference was not statisti-
cally significant (Student's t test, p = 0 35).

Figure 3C compares the relation between
cerebral perfusion pressure and cerebrovascu-
lar resistance for those results associated with a
Paco, greater than 1 SD above the group
mean (Paco, > 4-4 kPa) and those greater
than 1 SD below the mean (Paco, < 3-4 kPa).
Higher Paco, values were not associated with
significantly lower cerebrovascular resistance
results (number of observations = 21, number

Table 2 Multilevel analysis offactors that may determine
cerebrovascular resistance

Vanrable t Value p Value

CMRo2 (omol.g '.min-') -6-36 <0-0001
CPP (mm Hg) + 5 30 <0-0001
Ao2 (amol.ml ') +228 <0 05
Cerebrovenous pH - 1-76 <0 05
Pac o2 (kPa) - 1*59 <0 05
Time after injury + 0.95 NS
Cerebrovenous lactate concentration - 0-12 NS

CPP = Cerebral perfusion pressure.

of patients = 11, mean cerebrovascular resis-
tance 1 59 mm Hg.ml'-.100 g.min (SD
0-12)) than those associated with the lower
Paco2 values (number of observations = 20,
number of patients = 5, mean cerebrovascular
resistance 1-62 mm Hg.ml 1.100 g.min (SD
0-13); Student's t test, p = 0 92).
The results suggest that CMRo2 remains an

important determinant of cerebrovascular
resistance in children with severe head injuries
and that the normal relation between cerebral
metabolic rate and cerebral blood flow is pre-
served. Figure 4 illustrates the relation
between cerebral blood flow and CMRo2 for
all the study subjects. Overall, there was a
close correlation between cerebral blood flow
and CMRo2 (number of observations = 122,
number of patients = 17, r = 0-56, p <
0-0001), suggesting that metabolic autoregu-
lation was intact."

ANALYSIS BY MULTILEVEL MODELLING
To determine which variables were indepen-
dent determinants of cerebrovascular resis-
tance, and to assess their relative importance,
analysis by multilevel modelling was per-
formed.2' This hierarchial system of data
analysis is based on the principles of multiple
regression analysis but allows for each patient
contributing multiple results. The contribu-
tion to the variation in cerebrovascular resis-
tance that could be attributed to interpatient
variability was found to be small, with the
between patient variance estimated as zero in
most cases.The cerebrovenous lactate con-
centration, CMRo2, cerebral perfusion pres-
sure, Ao2, Paco2, and time after injury were
regressed on cerebrovascular resistance;
CMRo2, cerebral perfusion pressure, Ao,,
Paco2 and cerebrovenous pH emerged as
significant independent determinants of
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11-0-
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Figure 4 Relation between CMRo2 and cerebral blood
flow for all the 122 results obtainedfrom 17 patients.
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cerebrovascular resistance, by contrast with
time after injury and cerebrovenous lactate
concentration, which did not emerge as
independent determinants (table 2).

Discussion
This study is the first to attempt to explore the
relative importance of the factors that deter-
mine cerebrovascular resistance in children
with severe head injuries. Experimental stud-
ies in animals by Langfitt et al led to the sug-
gestion that in those with brain injuries the
cerebral circulation may be "vasospastic" with
a severely impaired response to normal physio-
logical control mechanisms22 23 and Lassen
proposed that this might be due to high levels
of brain lactic acid.24 The concept of
"vasospastic paralysis" was cited by Bruce and
colleagues to account for the normal or
increased cerebral blood flow that they
reported in a few children with head injuries.625
Our results suggest, however, that the cerebral
circulation is not vasospastic in most children
with head injuries. The cerebrovenous con-
centration of lactate did not emerge as an
independent determinant of cerebrovascular
resistance in our patients.

In a healthy brain, cerebral blood flow is
maintained constant, at a level appropriate for
cerebral metabolic needs, regardless of
changes in cerebral perfusion pressure (pres-
sure autoregulation). This is achieved because
variations in cerebral perfusion pressure
within the autoregulatory range (about
50-150 mm Hg) are accompanied by com-
pensatory alterations in cerebrovascular resis-
tance.'7 26 The finding in the present study of a
significant correlation between cerebral perfu-
sion pressure and cerebrovascular resistance
thus suggests that pressure autoregulation in
the patients is often intact. This finding is in
accordance with that of Muizelaar et al, who
investigated the status of pressure autoregula-
tion by measuring cerebrovascular resistance
before and after an elective change in cerebral
perfusion pressure and judged autoregulation
to be intact in 22 (59%) of 37 measurements.5
It is also in keeping with the findings of
workers who have studied mainly adult
patients.27-29
The finding that CMRo2 was a powerful

determinant of cerebrovascular resistance
indicates that cerebral blood flow and metabo-
lism are often appropriately coupled, even in
children with severe head injuries. Similarly,
Obrist et al and Cold concluded that meta-
bolic autoregulation was preserved in 45%
and 56%, respectively, of the predominantly
adult patients with head injuries that they
studied.4 30 By contrast, Muizelaar et al, in the
only other large study of cerebral blood flow
in children with head injuries, concluded that
there was metabolic uncoupling after
trauma.3' The conclusions of Muizelaar and
colleagues echoed those of Bruce et al, based
on measurements of cerebral blood flow and
CMRo2 in six patients.6 25 Cerebrovascular
resistance and CMRo2 have a common vari-
able-namely, cerebral blood flow. The strong

correlation noted, however, between cere-
brovascular resistance and CMRo2 is unlikely
simply to be due to this, as cerebral blood
flow and CMRo2, which also share a common
variable, have been noted often not to be cor-

4 30related in adult patients with head injuries.
The discrepancy between the results

reported by Muizelaar et al concerning meta-
bolic autoregulation and the findings in our
present study may have resulted from
Muizelaar et al studying more seriously
injured children; the mean Glasgow coma
score on admission in their study was 5-4
(1 2), 21% of the subjects had bilateral fixed
dilated pupils, 10% had a unilaterally fixed
and dilated pupil, and in 21% of the children
oculocephalic responses were severely
disturbed or absent.3' On the other hand, the
discrepancy may simply arise from a differ-
ence in interpretation.

Muizelaar et al based their conclusion that
cerebral blood flow and metabolism were
uncoupled largely on values for the arterio-
jugular venous oxygen difference (AJVDo2),
which reflects the balance between CMRo2
and cerebral blood flow (CBF) (AJVDo2 =
CMRo2/CBF).4'2 A low AJVDo2 indicates
that cerebral blood flow is in relative excess
for cerebral metabolic needs, and Muizelaar et
a!3" reported that the AJVDo2 values obtained
in their patients were low in comparison with
those published in normal adults by Kety and
Schmidt." The AJVDo2 values obtained by
Kety and Schmidt in adults, however, are
higher than those obtained in normal children
by Settergren et al 32 and Kennedy and
Solokoff.33 Had Muizelaar et al compared
their AJVDo2 results with those obtained in
normal children, almost all the results would
have been in the normal range indicating nor-
mal coupling of cerebral blood flow and
metabolism. Moreover, the AJVDo2 results
published by Muizelaar et al represent raw
data "corrected" to allow for a reduction in
cerebral blood flow with hyperventilation and
reduced arterial Paco2." Such a correction
would lead to an apparent lowering of
AJVDo2. The practice of correcting for Paco2
in hyperventilated patients is hard to justify in
the light of experimental evidence that the
cerebral circulation adapts to a low Pco2 if
hyperventilation is prolonged beyond 24
hours, cerebral blood flow returning to its
baseline value or even above.34

Despite the recognised importance of Ao2
as a determinant of cerebrovascular resistance
in normal subjects,20 we are not aware of any
previous clinical studies that have explored
the relation between arterial oxygen content
and cerebrovascular resistance or cerebral
blood flow in patients with head injuries. An
experimental study in cats by Lewelt et al has
suggested that concussive brain injury inter-
fered with the normal vasodilator response of
the cerebral circulation to hypoxaemia, but
cerebrovascular resistance was only investi-
gated up to one hour after injury.'5
The fact that Ao2 emerged as an indepen-

dent determinant of cerebrovascular resis-
tance in children with severe head injuries
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emphasises the importance of maintaining a
normal haemoglobin in these patients, as well
as a normal Paco2, as the most important
determinant of Ao2 under atmospheric condi-
tions is the haemoglobin concentration. It
could be hypothesised that a change in
haemoglobin concentrations might alter cere-
bral blood flow by altering blood viscosity as
well as by altering Ao2.2'35 Brown and col-
leagues have shown, however, that blood vis-
cosity alone does not have an independent
effect on cerebral blood flow.20 36

In the present study Paco2 emerged as a
relatively weak determinant of cerebrovascu-
lar resistance. This was an unexpected find-
ing, as studies of CO, responsivity in adult
patients, performed by measuring cerebral
blood flow before and after a stepwise alter-
ation in Paco2, have suggested that CO,
autoregulation is almost always preserved
after head injury.28 3738 It is in accordance with
the findings in normal subjects by Brown and
colleagues, who reported that Ao2 was a more
powerful determinant of cerebrovascular
resistance than Paco,.20
An explanation for the finding that Paco2

was a weaker determinant of cerebrovascular
resistance than Ao2 might be the progressive
adaptation of cerebrovascular resistance to
chronic hypocapnia, which has recently been
shown to occur in normal rabbits after pro-
longed hyperventilation.34 This would lead to
a poor overall correlation between Paco, and
cerebrovascular resistance, even though the
cerebrovascular circulation was still able to
respond normally to an acute change in
Paco2.34
Many of the cerebral blood flow measure-

ments in this study were made in children
who had been subjected to a prolonged period
of artificial ventilation.
The finding that cerebrovenous pH was a

significant negative determinant of cerebrovas-
cular resistance was unexpected, as a high
cerebrovenous pH, resulting from a low arter-
ial Paco2, has been shown to cause increased
cerebrovascular resistance and reduced cere-
bral blood flow. As the effect of the multilevel
model is to control for the effect of Paco, on
cerebrovascular resistance, allowing the rela-
tion between cerebrovenous pH and cere-
brovascular resistance to be viewed in
isolation, however, it is possible that the nega-
tive relation between cerebrovenous pH and
cerebrovascular resistance is due to the fact
that children with a poor outcome produced
significantly more cerebral lactate and there-
fore had lower cerebrovenous pH results.
Although overall there was no significant dif-
ference between the cerebrovascular resis-
tance values obtained from children with a
poor outcome compared with the results
obtained from those with a good or moderate
outcome, there was a non-significant ten-
dency for cerebrovascular resistance results to
be higher in children who had a poor eventual
outcome.
The results of this study suggest that nor-

mal autoregulatory mechanisms, particularly
metabolic autoregulation, are preserved in

most children with post-traumatic
encephalopathy, but the lack of correlation
between cerebral perfusion pressure and cere-
brovascular resistance in those children who
died or had a poor outcome suggests that
there is a subpopulation of patients in whom
pressure autoregulation is disturbed. These
patients may be particularly vulnerable to
cerebral ischaemia, a hypothesis supported to
some extent by the evidence suggesting an
association between impaired cerebrovascular
reactivity and outcome. It therefore seems
reasonable to hypothesise that outcome might
be improved if such particularly vulnerable
patients are prospectively identified and the
adequacy of cerebral blood flow for cerebral
metabolic demands closely monitored by
methods such as continuous monitoring of
the jugular oxygen saturation. 391'

It has often been stated that the pathophys-
iology of traumatic encephalopathy in chil-
dren differs from that in adults,' 8 25 51
principally because low cerebrovascular resis-
tance results in hyperaemia, diffuse cerebral
swelling, and raised intracranial pressure.
This hypothesis is not supported by the
results of the present study, which showed
that in most cases cerebrovascular resistance
was either within, or above, the normal range.
The cerebrovascular resistance values
reported in this paper represent "raw" data,
which have not been corrected to a normative
arterial Paco,.7 31 Even if the results are cor-
rected to a normative Paco, (39 mm Hg)
however, 87 of 122 (71%) still fall above or
within the normal range, whereas only 35 of
122 (29%) fall below the lower limit of the
range. Despite suggestions that cerebral
hyperaemia is more common in the youngest
children2 there was no evidence of a correla-
tion between cerebrovascular resistance and
age. The finding that cerebrovascular resis-
tance is usually normal or increased after
severe head injury in children is in accordance
with the findings of workers whose studies
have mainly involved adults.4 'z These find-
ings provide further evidence to suggest that
the pathophysiology of traumatic
encephalopathy in children is not essentially
different from that in adults.
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